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ABSTRACT: 

PURPOSE: To obtain the subject carbon fiber without necessitating a high- 
temperature process and particular safety measures by thermally decomposing a 
hydrocarbon gas with a substrate having catalyst particles dispersed on a 
heat-resistant substrate. 

CONSTITUTION: A substrate holding catalyst particles such as fine particles 
of metallic Pd dispersed on a heat-resistant substrate is exposed to a 
hydrocarbon gas (preferably C<SB>2</SB>H<SB>4</SB>) diluted with an inert 
gas 

and heat-treated to effect the thermal decomposition of the hydrocarbon gas and 
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the vapor-phase growth of carbon fiber. An electronic element, etc., holding 
the vapor-phase grown carbon fiber as quantum fine line can be produced by 
forming a proper pattern of the catalyst particles by screen printing, etc. 
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(54) PRODUCTION OF CARBON FIBER BY VAPOR PHASE GROWTH 

(57)Abstract: 

PURPOSE: To obtain the subject carbon fiber without necessitating a high- temperature process and 
particular safety measures by thermally decomposing a hydrocarbon gas with a substrate having catalyst 
particles dispersed on a heat-resistant substrate. 

CONSTITUTION: A substrate holding catalyst particles such as fine particles of metallic Pd dispersed on a 
heat-resistant substrate is exposed to a hydrocarbon gas (preferably C2H4) diluted with an inert gas and 
heat-treated to effect the thermal decomposition of the hydrocarbon gas and the vapor-phase growth of 
carbon fiber. An electronic element, etc., holding the vapor-phase grown carbon fiber as quantum fine line 
can be produced by forming a proper pattern of the catalyst particles by screen printing, etc. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the vapor growth carbon fiber characterized by having the process which 
exposes and heat-treats the substrate which comes to distribute a catalyst particle on a heat-resistant base in the 
hydrocarbon gas diluted with inert gas, and performs the pyrolysis of hydrocarbon gas. 

[Claim 2] The manufacture approach of a vapor growth carbon fiber according to claim 1 that said catalyst particle is 
Metal Pd. 

[Claim 3] The manufacture approach of a vapor-growth carbon fiber according to claim 2 of having the process at 
which the formation approach of the above-mentioned metal Pd particle applies organic Pd complex solution to an 
insulating base, the process which heat-treats the base with which this organic Pd complex solution was applied in 
atmospheric air or an oxidizing atmosphere, and sets to PdO, and the process which heat-treats in this reducibility gas 
by which PdO was diluted with inert gas, and uses as Metal Pd in the manufacture approach of said vapor-growth 
carbon fiber. 

[Claim 4] It sets at the process which heat-treats said PdO by the reducibility gas diluted with inert gas, and this 
reducibility gas is H2. The manufacture approach of the vapor growth carbon fiber according to claim 3 which is gas. 
[Claim 5] H2 which diluted said PdO with inert gas It sets at the process heat-treated by gas, and is H2. The 
manufacture approach of a vapor growth carbon fiber according to claim 4 that concentration is less than [ 4vol% ]. 
[Claim 6] It sets at the process heat-treated by the reducibility gas diluted with said inert gas according to claim 3, and 
is the manufacture approach of a vapor growth carbon fiber given in claim 1 as hydrocarbon gas according to claim 1 
with this same reducibility gas thru/or one term of 3. 

[Claim 7] the process of the reduction using the hydrocarbon gas diluted with said inert gas according to claim 1 or 6, 
and a pyrolysis - setting - this hydrocarbon gas - C two H4 it is - the manufacture approach of a vapor growth 
carbon fiber according to claim 1 or 6. 

[Claim 8] C two H4 diluted with said inert gas The manufacture approach of a vapor growth carbon fiber according to 
claim 7 that concentration is less than [ 2.7vol% ]. 

[Claim 9] The manufacture approach of a vapor growth carbon fiber according to claim 1 that the heat treatment 
temperature of the pyrolysis process of said hydrocarbon gas is 450 degrees C or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention offers the manufacture approach of the vapor growth carbon fiber which can be 
mass-produced on the manufacture approach of a vapor growth carbon fiber, especially industrial engineering, using a 
easier process. 
[0002] 

[Description of the Prior Art] Conventionally, it consists of 60 carbon atoms, the whole family of the flillerene which 
has been a carbonaceous cluster since the extensive synthesis method with football-like structure of C60 was reported 
(Kratschmer, et.al.:Nature 347 (1990) 354), and various properties of a carbon nanotube with the structure which 
extended this to the one direction are interesting, and much researches are done. 

[0003] It attracted attention that the superconductivity in which the crystal of C60 which doped the alkali-metal atom 
especially has high critical temperature is shown. In addition, an electronic device with these new carbon clusters and 
the application as solid-state lubricant etc. are expected, and flourishing research is advanced aiming at the application 
from various viewpoints. 

[0004] A vapor growth carbon fiber has good crystallinity as compared with the carbon fiber which carbonized 
hydrocarbon resin fiber at the elevated temperature although it was a little bigger cluster than a carbon nanotube, and 
the characteristic application is expected. 

[0005] The typical method of manufacturing current and this vapor growth carbon fiber is the vapor growth by the 
pyrolysis of benzene. This approach is contacted with the steam of the benzene which used iron compounds, such as an 
iron oxide, as the substrate, and made the hydrogen of a high grade carrier gas at about 950-1000 degrees C. First, some 
substrates are returned and Fe particle is formed. By the catalyst ability on this front face of a particle, carbon begins to 
deposit on a front face. Growth is continued, while this carbon grows fibrous behind Fe particle and raises a particle. 
[0006] By this approach, existence of Fe particle is indispensable and the approach using what sprayed the metal Fe 
particle on the substrate is also performed. (Michio Inagaki: "carbon material engineering" 72 pages, Nikkan Kogyo 
Shimbun issue 1985) 
[0007] 

[Problem(s) to be Solved by the Invention] Although the above-mentioned approach is industrially available, there are 
some troubles. An about 1000-degree C hot process is required for the 1st in process, equipment becomes large-scale, 
and there is a possibility that consumption of power may cause a cost rise, such as being large. In order to use [ 2nd ] 
the hydrogen of a high grade, the cure of an explosion avoid accident is needed. Especially, a severe cure is demanded 
from especially using for the above-mentioned hot process, and there is a possibility that this may also cause a cost rise, 
from it. 

[0008] Moreover, although the approach using what sprayed the particle of Fe on the substrate can be made [ many ] 
and is industrially desirable, the particle of Metal Fe has high reactivity and cannot be treated in atmospheric air. [ of 
yield ] Moreover, the risk of dust explosion cannot be disregarded, either but a cure is required too. 
[0009] On the other hand, although there is also the approach of pyrolyzing CO in vapor growth, CO has very strong 
toxicity besides explosivility, threshold limit value is very as severe as 50 ppm, and it is clear that a safety practice 
causes a cost rise. 

[0010] By being suitable for the industrial production which followed, in the low-temperature process, a safety practice 
is easy and the manufacture approach of the vapor growth carbon fiber constituted by the process which can be treated 
in atmospheric air is searched for. 

[001 1] By reaching, as a result of examining the new manufacture approach which solves these troubles, and carrying 
out vapor growth of the carbon by the pyrolysis of hydrocarbon gas, this invention can be applied to industrial 
production and aims at offering the manufacture approach of the vapor growth carbon fiber which needs neither a hot 
process nor a process with a special difficult safety practice etc. 



[0012] 

[Means for Solving the Problem] That is, this invention is the manufacture approach of the vapor growth carbon fiber 
characterized by having the process which exposes and heat-treats the substrate which comes to distribute a catalyst 
particle on a heat-resistant base in the hydrocarbon gas diluted with inert gas, and performs the pyrolysis of 
hydrocarbon gas. 

[0013] Hereafter, this invention is explained to a detail. This invention is the approach of obtaining a vapor growth 
carbon fiber by the pyrolysis of hydrocarbon gas. Although hydrocarbon gas is inflammability, by diluting with inert 
gas, it can be dealt with safely and does not need a special explosion-proof facility. Moreover, although toxicity 
changes with types of gas, there is no usually serious danger and it is enough as it to perform sufficient ventilation in 
the condition of having diluted, for oxygen-deficiency prevention. 

[0014] As a substrate, the substrate which comes to distribute a catalyst particle is used on a heat-resistant base. As a 
catalyst particle, what distributed the metal Pd particle is desirable. Pd front face has catalyst ability remarkable in the 
decomposition reaction of a hydrocarbon, and the reaction in low temperature is possible for it. Moreover, the 
formation process of a particle can be realized very easily so that it may mention later. 

[0015] Moreover, the approach of forming a metal Pd particle on a substrate can be performed by the approach of 
having the process which applies organic Pd complex solution to an insulating base, the process which heat-treats the 
base which applied this organic Pd complex solution in atmospheric air or an oxidizing atmosphere, and is set to PdO, 
and the process which heat-treats in this reducibility gas that diluted PdO with inert gas, and is used as Metal Pd. 
[0016] As an organic Pd complex solution applied to an insulating base, the solution which melted the amine complex 
of an acetic acid Pd to butyl acetate, for example is mentioned. 

[0017] It sets at the process which heat-treats said PdO by the reducibility gas diluted with inert gas, and is H2 as this 
reducibility gas. Although gas, CO gas, C2H4 gas, etc. are mentioned, it is H2 in it. Gas is desirable, the concentration 
of reducibility gas ~ the case of under the range-of-explosion minimum of this type of gas, and H2 gas - less than 
[ 4vol% ] ~ 1 - 3vol% is especially desirable. 

[0018] Moreover, in the process which heat-treats by the reducibility gas which diluted PdO with inert gas, and is used 
as Metal Pd, hydrocarbon gas can be used as this reducibility gas. If the same hydrocarbon gas as what is used for the 
manufacture approach of a vapor growth carbon fiber is used, since this hydrocarbon gas can perform reduction 
reaction to the metal Pd of PdO, and vapor growth of a carbon fiber to coincidence, it is desirable. 
[0019] Moreover, in the process of the reduction using the hydrocarbon gas diluted with inert gas in this invention, and 
a pyrolysis, C two H4, C3H6, C2H6, and CH4 grade are mentioned as hydrocarbon gas, for example, and it is 
especially C two H4. It is desirable. Moreover, in the case of C2H4 gas, the concentration of the hydrocarbon gas 
diluted with inert gas is usually less than [ 2.7vol% ], and is preferably [ 0.1 - 2vol% of] desirable under the range-of- 
explosion minimum of this type of gas. 2. If 7vol% is exceeded, the treatment for explosion protection is required and 
is not desirable. 

[0020] especially as inert gas, nitrogen gas, gaseous helium, and argon gas are used for restricting 7 **. 

[0021] Moreover, the heat treatment temperature of the pyrolysis process of hydrocarbon gas has preferably desirable 

500-900 degrees C 450 degrees C or more. Since the pyrolysis in Pd particle front face stops arising at less than 450 

degrees C, it is not desirable. 

[0022] 

[Example] Based on an example, this invention is explained below. 

[0023] After the organic solvent washed the silicon substrate in which the example 1 scaling film was formed, the 
spinner coat of the organic Pd complex solution was carried out. organic Pd complex solution - the product made from 
Okuno Pharmaceuticals — what diluted :ccp4230 with butyl acetate 5 times was used. The conditions of a spinner coat 
are 800rpm and 30 seconds. 

[0024] This was heat-treated for 12 minutes at 300 degrees C in atmospheric air. When the sample produced on the 
same conditions was investigated by the X diffraction, it is Oxidation Pd (PdO) and other phases did not exist. 
[0025] Then, 185 degrees C and heat treatment for 10 minutes were performed in the mixed-gas air current of N2+ 
(98vol%) H2 (2vol%). When this was observed with the scanning electron microscope, it was confirmed that the about 
[ phi5nm ] particle is distributing on a silicon substrate. According to the X diffraction of the sample produced on the 
same conditions, it was changing to Metal Pd and other phases were not seen. 

[0026] Then, 700 degrees C and heat treatment for 10 minutes were performed in the air current (C2 H4 : therefore, 
0.1vol%) which mixed N2 with the mixed gas of Ar(99vol%)+C two H4 (lvol%) by 1:9. 

[0027] When this was observed with the scanning electron microscope, as shown in the scanning electron microscope 
photograph (scale- factor x 100,000) of drawing 1 , it turned out that the about [ philOnm ] fibrous thing is formed. It 
was checked from the result of Raman spectroscopic analysis and X-ray-photoelectron- spectroscopy analysis (XPS) 
that this is carbon. 



[0028J Visually, if it seems that black fine particles have deposited and grinds lightly with the brush on a substrate, it 
will exfoliate easily. When the fine particles which exfoliated were collected and having been observed with the 
transmission electron microscope, as shown in the transmission electron microscope photograph (scale-factor 
x2,000,000) of drawing 2 , the lattice image of the periphery section characteristic of a vapor growth carbon fiber was 
seen. Moreover, since a lattice image is not visible to a core, it is thought that the interior has become in midair. 
[0029] After carrying out the spinner coat of the organic Pd complex solution to the silicon substrate which has the 
scaling film like example 2 example 1 and forming PdO by 300-degree C heat treatment, it was exposed to the N2+ 
(98vol%) H2 mixed-gas (2vol%) air current for 60 minutes at 25 degrees C. Although the form was a little irregular 
when this was observed with the scanning electron microscope, it turned out that the particle is formed like an example 
1 . It was also checked according to the X diffraction that it is Metal Pd. 

[0030] this - an example 1 - the same - C two H4 : 0.1vol% - 700 degrees C and heat treatment for 10 minutes were 
performed in the air current. When this was observed with the scanning electron microscope, the about [ philOnm ] 
vapor growth carbon fiber was formed like the example 1 . 

[0031] the silicon substrate top which formed the scaling film like example 3 example 1 » the distributed film of Pd 
particle - forming - this ~ C two H4 : 0.1vol% 450 degrees C and heat treatment for 10 minutes were performed in 
the air current. When this was observed with the scanning electron microscope, the about [ phi7nm ] tube was formed. 
It was checked by Raman spectroscopic analysis that this is carbon. 

[0032] N2-H2 after forming the PdO film on the silicon substrate in which the scaling film was formed, like example 4 
example 1 the process returned in an air current - excluding - C two H4 : 0.1vol% - 700 degrees C and heat treatment 
for 10 minutes were performed in the air current. When Raman spectroscopic analysis and scanning electron 
microscope observation investigated this, the same result as an example 1 was obtained. 
[0033] the silicon substrate top which formed the scaling film like example of comparison 1 example 1 - the 
distributed film of Pd particle - forming - this - C two H4 : 0.1vol% - 400 degrees C and heat treatment for 10 
minutes were performed in the air current. When Raman spectroscopic analysis investigated this, a carbonaceous signal 
is the magnitude of thing extent depended on the contamination produced when it is usually left in atmospheric air, and 
it turned out that the carbon by the pyrolysis is not formed. 

[0034] Neutral detergent and an organic solvent washed the example of comparison 2 quartz substrate, and Pd thin film 
with a thickness of 300nm was formed with the vacuum deposition method, this - C two H4 : 0.1vol% - 700 degrees 
C and heat treatment for 10 minutes were performed in the air current. Raman spectroscopic analysis showed that 
carbon had accumulated. However, it became clear that a vapor growth carbon fiber was not formed of scanning 
electron microscope observation, but the film of the carbon into which the break went in the shape of a mesh was 
formed. 

[0035] About the example 4, this invention persons confirmed it being returned above 180 degrees C and becoming 
Metal Pd by heat-treating PdO, in the same ambient atmosphere as having used here. It is considered with like that Pd 
particle was formed and the same result as an example 1 was obtained from 400 degrees C before [ which was shown in 
the example 1 of a comparison ] the pyrolysis started since it was an elevated temperature that a pyrolysis happens. 
[0036] In the above-mentioned example, although the process of organic complex solution spreading, oxidation, and 
reduction was used as the Pd particle formation approach, it is not limited to this, and even when the vacuum 
deposition in gas and others perform particle formation, the same effectiveness is acquired. 
[0037] Without being limited to silicon, it is thermal resistance, a substrate does not have the catalyst ability of the 
pyrolysis of a hydrocarbon, or the small matter, for example, a quartz substrate etc., is usable [ the substrate ], if it 
becomes. H2 And C two H4 Concentration is not limited to an example, and if it is the concentration below the 
explosion limit, it does not need a special explosion-proof facility. Incidentally it is H2. A range-of-explosion minimum 
is 4vol(s)% and C two H4. It is 2.7vol(s)%. 

[0038] The hydrocarbon gas in a pyrolysis process is not limited to an example. Happening similarly is known for 
many types of gas, such as methane, ethane, and a propylene, and, naturally the decomposition reaction in Pd surface of 
metal can be applied to this invention. Moreover, it is possible for hydrocarbons which are liquids in the usual 
condition, such as ethanol and an acetone, to also heat-treat, and to use them in the state of reduced pressure. 
[0039] Moreover, if organic Pd complex solution is formed in a suitable pattern by technique, such as screen-stencil, 
using this invention, it will become possible to form a vapor growth carbon fiber only in the location of the request on a 
substrate. Thereby, manufacture of new components, such as an electronic device using a vapor growth carbon fiber as 
quantum wire, is attained. 
[0040] 

[Effect of the Invention] It became possible to realize the manufacture approach of the vapor growth carbon fiber which 
can apply to industrial production by this invention like, and needs neither a hot process nor a process with a special 
difficult safety practice etc. explained above. 
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(57)Abstract: 

PURPOSE: To obtain the subject carbon fiber without necessitating a high- temperature process and 
particular safety measures by thermally decomposing a hydrocarbon gas with a substrate having catalyst 
particles dispersed on a heat-resistant substrate. 

CONSTITUTION: A substrate holding catalyst particles such as fine particles of metallic Pd dispersed on a 
heat-resistant substrate is exposed to a hydrocarbon gas (preferably C2H4) diluted with an inert gas and 
heat-treated to effect the thermal decomposition of the hydrocarbon gas and the vapor-phase growth of 
carbon fiber. An electronic element, etc., holding the vapor-phase grown carbon fiber as quantum fine line 
can be produced by forming a proper pattern of the catalyst particles by screen printing, etc. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the vapor growth carbon fiber characterized by having the process which 
exposes and heat-treats the substrate which comes to distribute a catalyst particle on a heat-resistant base in the 
hydrocarbon gas diluted with inert gas, and performs the pyrolysis of hydrocarbon gas. 

[Claim 2] The manufacture approach of a vapor growth carbon fiber according to claim 1 that said catalyst particle is 
Metal Pd. 

[Claim 3] The manufacture approach of a vapor-growth carbon fiber according to claim 2 of having the process at 
which the formation approach of the above-mentioned metal Pd particle applies organic Pd complex solution to an 
insulating base, the process which heat-treats the base with which this organic Pd complex solution was applied in 
atmospheric air or an oxidizing atmosphere, and sets to PdO, and the process which heat-treats in this reducibility gas 
by which PdO was diluted with inert gas, and uses as Metal Pd in the manufacture approach of said vapor-growth 
carbon fiber. 

[Claim 4] It sets at the process which heat-treats said PdO by the reducibility gas diluted with inert gas, and this 
reducibility gas is H2. The manufacture approach of the vapor growth carbon fiber according to claim 3 which is gas. 
[Claim 5] H2 which diluted said PdO with inert gas It sets at the process heat-treated by gas, and is H2. The 
manufacture approach of a vapor growth carbon fiber according to claim 4 that concentration is less than [ 4vol% ]. 
[Claim 6] It sets at the process heat-treated by the reducibility gas diluted with said inert gas according to claim 3, and 
is the manufacture approach of a vapor growth carbon fiber given in claim 1 as hydrocarbon gas according to claim 1 
with this same reducibility gas thru/or one term of 3. 

[Claim 7] the process of the reduction using the hydrocarbon gas diluted with said inert gas according to claim 1 or 6, 
and a pyrolysis - setting - this hydrocarbon gas - C two H4 it is - the manufacture approach of a vapor growth 
carbon fiber according to claim 1 or 6. 

[Claim 8] C two H4 diluted with said inert gas The manufacture approach of a vapor growth carbon fiber according to 
claim 7 that concentration is less than [ 2.7vol% ]. 

[Claim 9] The manufacture approach of a vapor growth carbon fiber according to claim 1 that the heat treatment 
temperature of the pyrolysis process of said hydrocarbon gas is 450 degrees C or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention offers the manufacture approach of the vapor growth carbon fiber which can be 
mass-produced on the manufacture approach of a vapor growth carbon fiber, especially industrial engineering, using a 
easier process. 
[0002] 

[Description of the Prior Art] Conventionally, it consists of 60 carbon atoms, the whole family of the fullerene which 
has been a carbonaceous cluster since the extensive synthesis method with football-like structure of C60 was reported 
(Kratschmer, et.al. :Nature 347 ( 1 990) 354), and various properties of a carbon nanotube with the structure which 
extended this to the one direction are interesting, and much researches are done. 

[0003] It attracted attention that the superconductivity in which the crystal of C60 which doped the alkali-metal atom 
especially has high critical temperature is shown. In addition, an electronic device with these new carbon clusters and 
the application as solid-state lubricant etc. are expected, and flourishing research is advanced aiming at the application 
from various viewpoints. 

[0004] A vapor growth carbon fiber has good crystallinity as compared with the carbon fiber which carbonized 
hydrocarbon resin fiber at the elevated temperature although it was a little bigger cluster than a carbon nanotube, and 
the characteristic application is expected. 

[0005] The typical method of manufacturing current and this vapor growth carbon fiber is the vapor growth by the 
pyrolysis of benzene. This approach is contacted with the steam of the benzene which used iron compounds, such as an 
iron oxide, as the substrate, and made the hydrogen of a high grade carrier gas at about 950-1000 degrees C. First, some 
substrates are returned and Fe particle is formed. By the catalyst ability on this front face of a particle, carbon begins to 
deposit on a front face. Growth is continued, while this carbon grows fibrous behind Fe particle and raises a particle. 
[0006] By this approach, existence of Fe particle is indispensable and the approach using what sprayed the metal Fe 
particle on the substrate is also performed. (Michio Inagaki: "carbon material engineering" 72 pages, Nikkan Kogyo 
Shimbun issue 1985) 
[0007] 

[Problem(s) to be Solved by the Invention] Although the above-mentioned approach is industrially available, there are 
some troubles. An about 1000-degree C hot process is required for the 1st in process, equipment becomes large-scale, 
and there is a possibility that consumption of power may cause a cost rise, such as being large. In order to use [ 2nd ] ' 
the hydrogen of a high grade, the cure of an explosion avoid accident is needed. Especially, a severe cure is demanded 
from especially using for the above-mentioned hot process, and there is a possibility that this may also cause a cost rise, 
from it. 

[0008] Moreover, although the approach using what sprayed the particle of Fe on the substrate can be made [ many ] 
and is industrially desirable, the particle of Metal Fe has high reactivity and cannot be treated in atmospheric air. [ of 
yield ] Moreover, the risk of dust explosion cannot be disregarded, either but a cure is required too. 
[0009] On the other hand, although there is also the approach of pyrolyzing CO in vapor growth, CO has very strong 
toxicity besides explosivility, threshold limit value is very as severe as 50 ppm, and it is clear that a safety practice 
causes a cost rise. 

[0010] By being suitable for the industrial production which followed, in the low-temperature process, a safety practice 
is easy and the manufacture approach of the vapor growth carbon fiber constituted by the process which can be treated 
in atmospheric air is searched for. 

[001 1] By reaching, as a result of examining the new manufacture approach which solves these troubles, and carrying 
out vapor growth of the carbon by the pyrolysis of hydrocarbon gas, this invention can be applied to industrial 
production and aims at offering the manufacture approach of the vapor growth carbon fiber which needs neither a hot 
process nor a process with a special difficult safety practice etc. 



[0012J 

[Means for Solving the Problem] That is, this invention is the manufacture approach of the vapor growth carbon fiber 
characterized by having the process which exposes and heat-treats the substrate which comes to distribute a catalyst 
particle on a heat-resistant base in the hydrocarbon gas diluted with inert gas, and performs the pyrolysis of 
hydrocarbon gas. 

[0013] Hereafter, this invention is explained to a detail. This invention is the approach of obtaining a vapor growth 
carbon fiber by the pyrolysis of hydrocarbon gas. Although hydrocarbon gas is inflammability, by diluting with inert 
gas, it can be dealt with safely and does not need a special explosion-proof facility. Moreover, although toxicity 
changes with types of gas, there is no usually serious danger and it is enough as it to perform sufficient ventilation in 
the condition of having diluted, for oxygen-deficiency prevention. 

[0014] As a substrate, the substrate which comes to distribute a catalyst particle is used on a heat-resistant base. As a 
catalyst particle, what distributed the metal Pd particle is desirable. Pd front face has catalyst ability remarkable in the 
decomposition reaction of a hydrocarbon, and the reaction in low temperature is possible for it. Moreover, the 
formation process of a particle can be realized very easily so that it may mention later. 

[0015] Moreover, the approach of forming a metal Pd particle on a substrate can be performed by the approach of 
having the process which applies organic Pd complex solution to an insulating base, the process which heat-treats the 
base which applied this organic Pd complex solution in atmospheric air or an oxidizing atmosphere, and is set to PdO, 
and the process which heat-treats in this reducibility gas that diluted PdO with inert gas, and is used as Metal Pd. 
[0016] As an organic Pd complex solution applied to an insulating base, the solution which melted the amine complex 
of an acetic acid Pd to butyl acetate, for example is mentioned. 

[0017] It sets at the process which heat-treats said PdO by the reducibility gas diluted with inert gas, and is H2 as this 
reducibility gas. Although gas, CO gas, C2H4 gas, etc. are mentioned, it is H2 in it. Gas is desirable, the concentration 
of reducibility gas - the case of under the range-of-explosion minimum of this type of gas, and H2 gas - less than 
[ 4vol% ]-- 1 - 3vol% is especially desirable. 

[001 8] Moreover, in the process which heat-treats by the reducibility gas which diluted PdO with inert gas, and is used 
as Metal Pd, hydrocarbon gas can be used as this reducibility gas. If the same hydrocarbon gas as what is used for the 
manufacture approach of a vapor growth carbon fiber is used, since this hydrocarbon gas can perform reduction 
reaction to the metal Pd of PdO, and vapor growth of a carbon fiber to coincidence, it is desirable. 
[0019] Moreover, in the process of the reduction using the hydrocarbon gas diluted with inert gas in this invention, and 
a pyrolysis, C two H4, C3H6, C2H6, and CH4 grade are mentioned as hydrocarbon gas, for example, and it is 
especially C two H4. It is desirable. Moreover, in the case of C2H4 gas, the concentration of the hydrocarbon gas 
diluted with inert gas is usually less than [ 2.7vol% ], and is preferably [ 0.1 - 2vol% of] desirable under the range-of- 
explosion minimum of this type of gas. 2. If 7vol% is exceeded, the treatment for explosion protection is required and 
is not desirable. 

[0020] especially as inert gas, nitrogen gas, gaseous helium, and argon gas are used for restricting 7 **. 

[0021] Moreover, the heat treatment temperature of the pyrolysis process of hydrocarbon gas has preferably desirable 

500-900 degrees C 450 degrees C or more. Since the pyrolysis in Pd particle front face stops arising at less than 450 

degrees C, it is not desirable. 

[0022] 

[Example] Based on an example, this invention is explained below. 

[0023] After the organic solvent washed the silicon substrate in which the example 1 scaling film was formed, the 
spinner coat of the organic Pd complex solution was carried out. organic Pd complex solution - the product made from 
Okuno Pharmaceuticals - what diluted :ccp4230 with butyl acetate 5 times was used. The conditions of a spinner coat 
are 800rpm and 30 seconds. 

[0024] This was heat-treated for 12 minutes at 300 degrees C in atmospheric air. When the sample produced on the 
same conditions was investigated by the X diffraction, it is Oxidation Pd (PdO) and other phases did not exist. 
[0025] Then, 185 degrees C and heat treatment for 10 minutes were performed in the mixed-gas air current of N2+ 
(98vol%) H2 (2vol%). When this was observed with the scanning electron microscope, it was confirmed that the about 
[ phi5nm ] particle is distributing on a silicon substrate. According to the X diffraction of the sample produced on the 
same conditions, it was changing to Metal Pd and other phases were not seen. 

[0026] Then, 700 degrees C and heat treatment for 10 minutes were performed in the air current (C2 H4 : therefore, 
0. 1 vol%) which mixed N2 with the mixed gas of Ar(99vol%)+C two H4 ( 1 vol%) by 1 :9. 

[0027] When this was observed with the scanning electron microscope, as shown in the scanning electron microscope 
photograph (scale-factor xl00,000) of drawing! , it turned out that the about [ philOnm ] fibrous thing is formed. It 
was checked from the result of Raman spectroscopic analysis and X-ray-photoelectron-spectroscopy analysis (XPS) 
that this is carbon. 



[002a] Visually, if it seems that black fine particles have deposited and grinds lightly with the brush on a substrate, it 
will exfoliate easily. When the fine particles which exfoliated were collected and having been observed with the 
transmission electron microscope, as shown in the transmission electron microscope photograph (scale-factor 
x2,000,000) of drawing 2 , the lattice image of the periphery section characteristic of a vapor growth carbon fiber was 
seen. Moreover, since a lattice image is not visible to a core, it is thought that the interior has become in midair. 
[0029] After carrying out the spinner coat of the organic Pd complex solution to the silicon substrate which has the 
scaling film like example 2 example 1 and forming PdO by 300-degree C heat treatment, it was exposed to the N2+ 
(98vol%) H2 mixed-gas (2vol%) air current for 60 minutes at 25 degrees C. Although the form was a little irregular 
when this was observed with the scanning electron microscope, it turned out that the particle is formed like an example 
1 . It was also checked according to the X diffraction that it is Metal Pd. 

[0030] this - an example 1 - the same - C two H4 : 0.1vol% - 700 degrees C and heat treatment for 10 minutes were 
performed in the air current. When this was observed with the scanning electron microscope, the about [ philOnm ] 
vapor growth carbon fiber was formed like the example 1 . 

[0031] the silicon substrate top which formed the scaling film like example 3 example 1 - the distributed film of Pd 
particle - forming - this - C two H4 : 0.1vol% - 450 degrees C and heat treatment for 10 minutes were performed in 
the air current. When this was observed with the scanning electron microscope, the about [ phi7nm ] tube was formed. 
It was checked by Raman spectroscopic analysis that this is carbon. 

[0032] N2-H2 after forming the PdO film on the silicon substrate in which the scaling film was formed, like example 4 
example 1 the process returned in an air current ~ excluding - C two H4 : 0.1vol% - 700 degrees C and heat treatment 
for 10 minutes were performed in the air current. When Raman spectroscopic analysis and scanning electron 
microscope observation investigated this, the same result as an example 1 was obtained. 
[0033] the silicon substrate top which formed the scaling film like example of comparison 1 example 1 - the 
distributed film of Pd particle - forming - this - C two H4 : 0. lvol% - 400 degrees C and heat treatment for 10 
minutes were performed in the air current. When Raman spectroscopic analysis investigated this, a carbonaceous signal 
is the magnitude of thing extent depended on the contamination produced when it is usually left in atmospheric air, and 
it turned out that the carbon by the pyrolysis is not formed. 

[0034] Neutral detergent and an organic solvent washed the example of comparison 2 quartz substrate, and Pd thin film 
with a thickness of 300nm was formed with the vacuum deposition method, this - C two H4 : 0.1vol% - 700 degrees 
C and heat treatment for 10 minutes were performed in the air current. Raman spectroscopic analysis showed that 
carbon had accumulated. However, it became clear that a vapor growth carbon fiber was not formed of scanning 
electron microscope observation, but the film of the carbon into which the break went in the shape of a mesh was 
formed. 

[0035] About the example 4, this invention persons confirmed it being returned above 180 degrees C and becoming 
Metal Pd by heat-treating PdO, in the same ambient atmosphere as having used here. It is considered with like that Pd 
particle was formed and the same result as an example 1 was obtained from 400 degrees C before [ which was shown in 
the example 1 of a comparison ] the pyrolysis started since it was an elevated temperature that a pyrolysis happens. 
[0036] In the above-mentioned example, although the process of organic complex solution spreading, oxidation, and 
reduction was used as the Pd particle formation approach, it is not limited to this, and even when the vacuum 
deposition in gas and others perform particle formation, the same effectiveness is acquired. 
[0037] Without being limited to silicon, it is thermal resistance, a substrate does not have the catalyst ability of the 
pyrolysis of a hydrocarbon, or the small matter, for example, a quartz substrate etc., is usable [ the substrate ], if it 
becomes. H2 And C two H4 Concentration is not limited to an example, and if it is the concentration below the 
explosion limit, it does not need a special explosion-proof facility. Incidentally it is H2. A range-of-explosion minimum 
is 4vol(s)% and C two H4. It is 2.7vol(s)%. 

[0038] The hydrocarbon gas in a pyrolysis process is not limited to an example. Happening similarly is known for 
many types of gas, such as methane, ethane, and a propylene, and, naturally the decomposition reaction in Pd surface of 
metal can be applied to this invention. Moreover, it is possible for hydrocarbons which are liquids in the usual 
condition, such as ethanol and an acetone, to also heat-treat, and to use them in the state of reduced pressure. 
[0039] Moreover, if organic Pd complex solution is formed in a suitable pattern by technique, such as screen-stencil, 
using this invention, it will become possible to form a vapor growth carbon fiber only in the location of the request on a 
substrate. Thereby, manufacture of new components, such as an electronic device using a vapor growth carbon fiber as 
quantum wire, is attained. 
[0040] 

[Effect of the Invention] It became possible to realize the manufacture approach of the vapor growth carbon fiber which 
can apply to industrial production by this invention like, and needs neither a hot process nor a process with a special 
difficult safety practice etc. explained above. 
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